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SONIC METHOD FOR MEASURING THICKNESS
. OF NON-METALLIC MATERIALS

Cc J\"F",)

I. INTRODUCTION

25X1

This is a report on an investigation, conducted at

25X1

" into the feasibility of measuring, by means of

ultrasonics, the thickness of non-metallic materials. In this investigation

the following criteria were kept in mind:

1) The method must be capable of making the measurement without
.accesa to one side. |

2) The method should be capable of qoyé:ing a range from an inch to
several feet. - o '

3) The method used must be silent n ; :

4) The equipment used should be portable. | |

In view of the first requirement, there are two methods to be
investigated:

A. The first of those is the echo-pulse method, in which is
measured the time required for an ultrasonic pulse to travel the length of
the sample, undergo reflection, and return to the combined transmitter-
receiver. The thickness can then be found, with the same accuracy to
which the velocity of ultrasound in the material is known, by multiplying the
velocity by one-half of the total travel time. The velocity need not be
known or measured as such if a sample of the material is available for
comparison of travel times, or if the measurement is repeated after
removing a known thickness. In these cases a simple ratio calcuiation will
give the thickness. For less accurate measurements an approximate value
of the velocity can be used {(e.g., for concrete the velocity of sound is

approximately 4000 meters/second).
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B. The second pouible method would involve the deter-

/_
e
4

mination oi the ultrasonic frequencies to which the object is resonant.

| u the thickness is any lntegul number of halfewuvc lengthn at the

frequcney of axcttation of a taamducor in centact with the object, the

| object wﬂl uko mm'o energy Irom tho tuxuduccr. wmch otfcct \vm bo

“uncctod by ‘n iucnue in the po\ver the tunaducer draws from tha

| cxcmns oucillutor.

!X. DXSCUSSION OF TEC’HNIQUES

“ Eacb o!' the nbove methoéa would havo it. udvmtagea md
dlndvantagu. Some of the admtage- can be discovered by a simple
con-ideuuon of the methodl lnvolved. Befen conaidering these, the
quoat!on of the froquency unge in which tha measurements are to 'be
made -hould bo discuued. There are neme indications in the liteutun
(12. u; (numbou in parcntbe-u wm refer to releuncea u lhted in the

appendbt) that the ab-orption of compreuional vuvu in concnte riuu as

a function of fuqucney above 20 kcpl (k!locycln per ucond). lt has been

'outod (M) that & 20 keps ultrnonic vwe wm panetnte 50 leot of concrets,

w!me a 100 kcpa wavo is umited to a panetnuon of about one foot. It

would uem. howevar. that the nuge could be increaua by lucruoing the

' power. For the moment. howover. tho calculatiom wm be bued on an

nllewablo frequency range of 20 - 100 kcp-.

If the echoopulu method ls to be uud. a cu(liciont length oi
umo. uy at lcnt tlve periodo. mu-t be uuowcd for the ﬂnithl pulse to
docny bofote the return pnhe can be detected. At 20 kcps this time is 0,25

milliseconds and at 100 kt;_p- thh time §0 0,05 mﬂuoeeond-. During this

'.z.",
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jappgoﬂm;tely 1.0 metet: or 0.2 meter, respectively. Thus, the
minimum measurable thickness would be 0.5 meter (20 inches) to 0.1
meter (¢ inches) depending on the frequency used. The upper limit on
distance would be determined by the ébility to detect the reflected wave.
The lower limit could be further reduced by electronically damping the
wave after one period which would give a reduction by a factor of 5 or
less by goiﬁg to higher frequencies. The latter solution might then call
for an lni;tfumaxt which would have two ranges at two frequencies. A

The lower limit on distance for the resonance method would
occur where the thickness of the object is one-half-wave length of the
highest frequency available. This would occur, if 100 kcps were to be
taken as the upper limit of the frequency sweep, at appro:dmately one inch
for concrete. By raising the upper limit of the aweép to 200 keps, the
minimum thickness would be reduced to 0.5 inch, and 80 on, Although
this could more easily be done with one .jx-ange here than in the echo-pulse
method, a two range instrument might again prove more feasible. As in
the echo-pulse method, the upper limit could be determined by the»ébsorption
and scattering in the concrete,

A word of warning should be added here about the variability
of the velocity of sound in concrete, Even in sound samples of concrete
the velocity may vary as much as 10 percent from sample to sample (9),
depending on the amount of compacting or (although this is a small effect)
the water content. For concrete that is old and beginning to deteriorate,
the velocity may drop by 30 to 40 percent, Even in a single concrete
sample, the velocity may vary by 5 percent in going from a suriaee~ toa

center (9).
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I, EXPERIMENTAL PROGRAM _ e

A preliminary attempt to s'o@v'e. the probleﬁ through the.use
of commercially available equipment was the obvious first step. Should
this approach succeed, it would save th¢ gime and labor requireg for the
design and construction of the necesgary transducers and associated, ...
eleetx’qgig pggipn}pnt. The unit chosen for these tests was the Sperry. . .
'Req)eig_gqsgop,e. Type. UR ,Qp,e of ’theae units was rented from Sperry -
‘Px_:,c?.dpct,_p.l : along with one e,acl‘x of the oné mcps (mqgagycle per second),
the 5 iﬁ_cps,., and the 10 mcps associated transducers. Concrete samples,
7/8t:l‘;§ of an inch in diameter and having lengths of from approximately
1/4 inch to 6 inches, were obtained frox@ the Nuclear Physics Section, .

No reflected waves were detectable. at any of fh_e three .
frequencies.. This could have been due to;
1) Poor coupling between the transducer and the concrete sample,. which

' unld mean 't,h,at the introduction of the energy ingo the concrete would
be _poor, as well as the reception of the reflected energy;

2) Ex_,qgu,ivq,abaqr‘p,tionl or s(_:;ﬁ:tering of the energy in ,Ithe concrete;
3) _Pog:; ,retlle,et‘io‘n at the vf_ar,end_ .of the concrete sample, and
4) Ing;leggut,e power, ‘ o

W;th r'egqr,d tpl,t,he question of coupling, it was obvious that
some measgure of contact was made, for the loading of the transducer due
to the contact could be observed in the change of shape of the initial pulse
enve}pp,e, ‘ V‘aggons, methods of coupling were tried; including ofl, watez, .
glycerine, water and glycerine (each in a.thin film betv)een the transducer
and the. t:;‘a._,u,;xpl,e)._ and the same ﬂhps with the additional insertion of a
small rubber balloon containing oil, the transducer being forced down to.
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place the oil under pressure. In no case was any reﬂected wave o%aerved

It is immediately obvious that one should expect a large amount
of scattering in the concrete at the frequencies used, for the size of the
pebblés in the sample are of ,thcj same order of magnitude as the wavelengths
used. Moreover, although no complete set of measurements to show this
were found in the literature, there is some indication that the attenuation
rises as a function of frequency above 20 kcps, With ihe acquisition of two
0.5 mcps transducers and a second 1,0 mcps transducer for the Reflecto-
scope, it was poesible to attempt to measure the absorption and scattering
as well as the velocity, This was done by d'riving one of the transducers
with the Sperry Reflectoscope and using the second transducer, placed at
the other end of the concrete sample, as a receiver. The delay time due
to the travel and the amplitude of the signal at the receiving transducer
were observed on a Tektronix 532 oscilloscope which was triggered by the
pulse to the transmitting transducer. By these measurements it was hoped
to be able to determine the absorption and the velocity of the ultrasonic
wave in the concrete sample, | |

The velocity was found to be 4000 meters per second (1.60 x
105 inches per second, 13,300 feet per second) for both the 0.5 mcps and
the 1.0 mcps waves. The voltage developed at the receiving transducer
was plotted, in several different ;ways. as a function of the intervening
length of concrete. No simple relation, which would hold over the range
of-lengths ised, was found between the two variables. It is believed that
this was because of the small cross-sectional area of the sample, due to
an effect that will be explained below. The experiment was also tried using
a 100 kcps input to the transducer, with similar results.

25X1
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The attenuation measurements were repeated using a
|-

N frequency source whlch was variable from 20 cps to 200 kcps. ln the o

oo

‘reglon from 20 kcps to 200 kcps. a plethora of peaks was found 1n the
transxniselon versus frequency curve. l{owever. these resonances were
found to be mdependent of the length of the sample tested or the particular
transducers used. It is belioved that these resonances are due to hlgher
modes of the’ cylinders. 1, .o ’ waves which are not plane longitudlnul R
waves down the cylinder. Thls. along with the posslble presence of
waves s.long the surface. is the probable explanstlon of the fallure to'
obtain reasonable nttenustion curves at the hlgher frequencles. It is felt
thst these problems wiu dlsappesr with the use of samples and transducers
of lorger cross-sectional areas. A |

A few tests were also made on other msterials besides the .
metals for which the Sperry Reﬂectoscope was deslgned. Vislble reﬂections
were obtained ina six inch piece of granite and in a one inch thick clay tile.
These results would indicate that any method that would be a.dequate t'or
measuring the thlckness of concrete walls would work on other denser

more homogeneous rnineral building materials.

1v. CONC LUSIONS

_At first glence. the results ofthe tests on concrete with the
Sperry Reflectoscope would seem to hold little hope for success. More
cureful examination, however. indicates thst the problems can be solved
an indlcotion that is born out by results reported in the literature. For -
exsrnple; in Englsnd. G. Bradfield has successfully measured the thickness

of concrete in airplsne runways by an echo-pulse me,thod. His paper (3)

- 25X1
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"'describing this work is not available to-the writer at the present time

% (it has been ordered), but the basic design of tﬁe,'t"’r,anndjt.xq:ér’ :qé,:qd} is
- shown in another paper (4). A'ga;iix.z for years one or anotheér type ‘_éi '
. -gonic or 'ultrasonic method has been in use for _ixop-'-'_c';leﬁl't;uqﬁ\jvg ',t_e‘s@in"g._. :

. of.concrete, Recently, Leslie and Cheesman (13, 14) have reported on
. "a portable unit capable of sending an ultrasonic pulse through 50 ,i_eié‘tl,:b'.fi
.\concrete in dams and detecting it at the far end. Jones (8; ‘ékefe' 315077. s

\.9,:10) has reported on similar '\yéikvfor;?ahéttex' diétﬁgni;eév‘iﬂ;'ggpcit'ét'é‘ '

'ro'ads'.m'. .‘\ |“;II: REEE N 1;“ R
v .. Because some of the references are not',gvail‘gbl'e{

.:;(»twd’.aifﬂthe unavailable réié?'enc.es,_&?? on order) and because gfitﬁe‘
" ‘rieceseary incompleteness of the 'experimental investigation to date, it is
i'miadiéib'lge'tél completely. aeqéiibe. at the date of t,hia‘iqelpgr't. all of the

iﬁﬁn@j;brbiﬁe’ﬁi@é; of the. eqpipment:necépsa_ry for thickness g‘n,egpugefpenité,, ,

!“{oweve.r. from the preiitixinary eipe'rlm’ents made at and from the
‘ ‘results to.date of the literature aﬁrv,ey. the following atit‘énipn;s, may be

.. made: ' | .
.+ 1): The :eb,jectiirelq'.outlined,in,the introduction can be met.

' 2) The frequency used will be in the range from 20 keps to a maximum
.., of 200 kepss: o |

'3) Larger transducers will have to be used, probably being made of
o - barium titanate ceramifcia and ha\(ing-‘atréne,rhitting area of several

squareinches: ... - - .. . o
L 4) A more thorough inve;tfgat_ida is needed to determine the relative ;
!\, merits of the .eéhp-‘pinse method and the resonance method, although

. o . at presert the echo-pulse method seéms to have more advantages,

%iii:;@%?r <j(>F%§W[>E?%7?fRi; 67
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The above statements, therefore, show a promising solution

to this problem by the application of sonic techniques.

Respectfully submitted,

RWB:es

seeReT “NDENTIA

Declassified in Part - Sanitized Copy Approved for Release 2012/04/10 : CIA-RDP78-03172A000300050030-2

25X1

25X1




Declassified in Part - Sanitized Copy Approved for Release 2012/04/10 : CIA-RDP78-03172A000300050030-2

1

2) G. Bradfield: Electronic Engineeringgg (295), 390, (1952).

3
4
'5,_.

6)
7)
| 85'
0
10)

11)

12)

13)

14)

15).

2

CC VAN g TENg
AP?E?NDIX ' NS \[ /@M\/]Eﬂ/ /[,

R. V. Band: Schweiz, Bauztg. 71 (38), 554 (Sept., 1953).

G. Bradfield: Acoustica 4, 121, (1954).

G. Bradfield and E, P. G. Woodroffe: Nat, Phys. L,ab.“. Reﬁ.,No. :

Ph}'a. U5, Feb. 1953.

K .Eiaenmann and G. Steinkamp Beton U. Stahlbeton. 49 (2).

36 (Feb. 1954),

e T

'R. H. Elvery: Mag.'(:dfic.: Res. 7, 161, (Nov. 1955).

B. Jones: Research, Lond.; 1, 383 (1948).

R. Jones: Mag. Conc. Res.; 1, 31, (Jan. 1949).

R. Jones: Mag. Conc, Res., 2, 67, (June, 1949).

R. Jones: Mag. Conc. Res., 7, 97 (1955).

R. Jones and E. N. Gatfield: London HMSO, 1955, Road Research
. Technical Paper no. 34.

W. Kubl and H. gaisgr; Acoustica, 2 179 0952).

J. R. Leene and W. J. Cheesman. Proc., Amer. Concrete Inst.
46,17, (1949).

J. R, Leslie: ‘Am. Soc. Test. Mat, Tech. Pub. No. 101, p,104 (1951).

K. Wesche: Beton U. Stahlbeton, 48, (5), 116 (May, 1953).

eELRET

Declassified in Part - Sanitized Copy Approved for Releaée 2012/04/10 : CIA RDP78 03172A000300050030 2

&,vL\rnu:gNMAL

25X1




T —— N = -

Decléss_ified in Part - Sanitized Copy Approved for Release 2012/04/10 : CIA-RDP78-03172A000300050030-2

> 1

.

ONFIDENTIAL

| . E
Declassified in Part - Sanitized Copy Approved for Release 2012/04/10 : CIA-RDP78-03172A000300050030-2

. CQJ‘\SHDENTIAL’

25X1




